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Abstract
· AIM:Toassesstheassociationbetweenage-related
maculardegeneration(AMD)andthreesinglenucleotide
polymorphisms(SNPS)relatedtothevascularendothelial
growthfactor(VEGF)gene.
· METHODS:ThepatientswhowerediagnosedwithAMD
wereincludedinthisprospectivestudy.ThreeSNPs
(rs1413711,rs2146323,andrs3025033)oftheVEGFgene
weregenotypedbyreal-timepolymerasechainreaction
inthegenomicDNAisolatedfromperipheralblood
samplesofthe82patientsand80controls.
· RESULTS:Thegenotypefrequenciesofrs1413711and
rs2146323werenotsignificantlydifferentbetweenthe
studygroupandthecontrolgroup(=0.072and =0.058).
However, there wasasignificant difference in the
genotypefrequenciesoftheseSNPsbetweenthewet
typeAMDanddrytypeAMD ( =0.005and =0.010,
respectively).OneoftheSNPs (rs1413711)wasalso
foundtobeassociatedwiththeseverityofAMD(=0.001)
withsignificantgenotypedistributionbetweenearly,
intermediate,andadvancedstagesofthedisease.The
ancestralalleleswereprotectiveforbothSNPswhilethe
polymorphicallelesincreasedtheriskfordryAMD.
· CONCLUSION:VEGFSNPsrs1413711andrs2146323
polymorphismsaresignificantlyassociatedwithAMD
subtypesinourpopulation.
· KEYWORDS: age-relatedmaculardegeneration;vascular
endothelialgrowthfactor;singlenucleotidepolymorphism
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INTRODUCTION
A
ge-relatedmaculardegeneration(AMD)isa
multifactorialdiseasethatrepresentsthemostcommon
causeofirreversible visualimpairmentintheelderly
population
[1].Patientswiththisdiseaseeventuallydevelop
eitherneovascularization(wettype)orgeographicatrophy.
WettypeAMDischaracterized bychoroidal
neovascularization (CNV),whichcausesexudativeand
hemorrhagicchangesintheretinaandeventuallysignificant
visuallossinamajorityofthecases
[2-4].
RiskfactorsofAMDareheterogeneous,includingmainly
increasingageanddifferentgeneticpredispositions,together
withseveralenvironmental/epigeneticfactors
[1].Thereis
extensivesupportforastronggeneticcomponentinAMD
pathogenesis
[2].
VEGFisanimportantfactorduringangiogenesis,and
elevatedVEGFconcentrationinCNVsuggestedthatVEGF
isalsoimportantinCNVformation.Severalstudiesfound
increasedlevelsofVEGFinthevitreoussamplesofpatients
withwetAMD.TheVEGFproteinlevelwasassociatedwith
singlenucleotidepolymorphisms(SNPs)inthepromoterand
untranslatedregion (UTRs)ofthegene.So,anumberof
studieshavebeenfocusedontherelationbetweentheSNPs
ofthegeneandAMD.Butthereisnoconsensusbetweenthe
results,anditisthoughtthatmanyfactorssuchasethnical
differences,environmentalfactors,etc.,mightberesponsible
forthisdifference
[5].Recently,ithasbeenreportedthat
geneticvariationsmightbeassociated with treatment
responseinwettypeAMDpatients
[6-10].Therefore,abetter
understandingoftherelationbetweengeneticfactorsand
AMDmayaffectthetherapeuticdecisionsinpatientswith
773AMDinthefuture.
Here,wereporttheassociationofVEGFgeners1413711,
rs2146323,andrs3025033polymorphismsinaTurkish
populationwithAMD,andtoourknowledge,thisisthefirst
reportfromourcountry.
SUBJECTSANDMETHODS
PatientsandControls Thepatientswhowerediagnosed
withAMDattheDepartmentofOphthalmology,Pamukkale
University,wereincludedinthisprospectivestudy.The
controlgroupconsistedofthepatientswithoutvisual
impairment,drusen,orretinalpigmentepithelium(RPE)
changesunderdilatedfundusexamination.Atotalof162
subjectswereincludedinthestudy.Ofthe162subjects,82
(50.6%)hadAMDand80 (49.4%)comprisedthecontrol
group.
Thepatientswhowereyoungerthan55yandhaddiabetes
mellitus,glaucoma,highmyopia(>6D),retinalpathology,or
any diseasethatcanleadtoCNV(angioidstreak,
inflammation,trauma .)wereexcludedfromthestudy.
Institutionalreviewboardapprovalwasobtainedpriortothe
beginningofthestudy,andallparticipantsprovidedwritten
informedconsent.Themethodsusedinthisstudyconformed
tothetenetsoftheDeclarationofHelsinki(2008)ofthe
WorldMedicalAssociation.
Allparticipantsunderwentadetailedophthalmologic
examination,includingmeasurementofbestcorrectedvisual
acuity,intraocularpressure,anteriorsegmentexamination
withslit-lamp,andposteriorsegmentexaminationwith
slit-lampandfundoscopylens.Acolourfunduspicturewas
obtainedforallparticipantsandafluoresceinangiographyfor
thestudygroup.TheAMDstageassignedwasbasedonthe
mostsevereeyeatthetimeofrecruitment.Theseverityof
AMDwasclassifiedasearly,intermediate,andadvancedas
previouslydefinedinagerelatedeyediseasestudy(AREDS)
reportNo:6(earlyforgrade1and2,intermediateforgrade3,
andadvancedforgrade4)
[11].Thesizeofdrusenwas
classifiedassmall(<63 滋m),medium (63-125 滋m),and
large (>125 滋m),whereasthetypeofdrusenwasclassified
assoft,hard,andconfluentdrusen.
Genotyping Peripheralbloodsampleswerecollectedfrom
thesubjects.GenomicDNAwasextractedfromallsamples
of200 滋Lwholebloodusingacommercialkit(HighPure
PCR TemplatePreparationKit,RocheDiagnostics,
Germany).ThreeSNPs,includingrs1413711,rs2146323,and
rs3025033intheVEGFgene,werestudied.Primersand
probesthatamplify158bp,200bp,and124bptarget
sequences(forrs1413711,rs2146323,andrs3025033,
respectively)areshowninTable1.Real-timePCRanalyses
wereperformedontheLightCycler480Real-TimePCR
System(RocheDiagnostics).Thecyclingconditionsforall
SNPswere:10minat95℃ for activation,followedby
35cyclesof95℃ for10s,56℃ (forrs1413711and
rs2146323)and54℃ (forrs3025033)for10s,and72℃ for
10s.Fortheampliconidentification,thefollowingconditions
wereused:30sat95℃,45sat40℃,and0sat85℃ forone
cycle.
StatisticalAnalysis Statisticalanalysiswascarriedoutby
SPSS(version11;SPSSInc.,Chicago,IL)software.The
Chi-squareanalysiswasusedtotestthesignificanceofthe
differencesofobservedallelesandgenotypesbetween
groups.Alogisticregressionmodelwasusedtocalculatethe
oddsratiosand95%confidenceintervals(CI).
RESULTS
Patients'Characteristics Atotalof162subjectswere
includedinthestudy.Of162subjects,82(50.6%)hadAMD
and80(49.4%)comprisedthecontrolgroup.Table2shows
thedemographicsofthestudyandthecontrolgroups.
Becauseofthesignificantdifferenceinagebetweenthestudy
andthecontrolgroups,thestatisticalanalysiswasadjustedby
age.ThetypeandtheseverityofAMDinthestudygroupare
showninTable3.
Table 1 Primer and probe sequences for VEGF genotyping  
SNP  Sequence (5’ﬁ3’) 
rs1413711    
Primer sense  5’-TGACAATATTCTCCCGGGACC-3’ 
Primer antisense  5’-AGTGTGACCTTCAGAGGCCC-3’ 
Probe-1  5’-CTTCCAAGGCCAGGGGGCA-3’-FL
a 
Probe-2 
b5’L640-AGGAGGGGCGGTTCTAGGCAGGCA-3’ 
rs2146323    
Primer sense  5’-AAGCTTAGGGAAGTGCTTCAA-3’ 
Primer antisense  5’-CTGCGCTGATAGACATCCAT-3’ 
Probe-1  5’-TGTAATGCCACTCTTTGGAGCTT-3’-FL
a 
Probe-2 
b 5’L640-GAATCAGGCAAGTCCTTCC-3’ 
rs3025033    
Primer sense  5’-AAGACTTTGTGGGGATTTCCTA-3’ 
Primer antisense  5’-TTGGTTTCACATAGGGCCAA-3’ 
Probe-1  5’-AGGGAAGTCCTTGGAGTGTCTCCCC-3’-FL
a 
Probe-2 
b 5’L640-CCCCAGCAATGTTCTTGTGGC-3’ 
aFL: Fluorescein; 
b640: LightCycler-Red 640. 
 
Table 3 The type and the severity of AMD in the study group 
Parameters  n (%) 
AMD type    
  Wet  43 (52.4) 
  Dry  39 (47.6) 
Severity of AMD   
  Early  11 (13.4) 
  Intermediate  21 (25.6) 
  Advanced  50 (62) 
Size of Drusen   
  Small (<63µm)  44 (53.7) 
  Medium (63-125µm)  27 (32.9) 
  Large (>125µm)  11 (13.4) 
Type of Drusen   
  Hard   45 (54.9) 
  Soft  33 (40.2) 
  Confluent  4 (4.9) 
 
Table 2 Demographics of the study and the control groups   s x –  
Parameters  AMD  Control  P 
Age (a)  71.7± 5.3  62.8± 5.2  <0.001 
Gender n(%)      0.534 
  F  37 (45.1)  40 (50)   
  M  45 (54.9)  40 (50)   
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Vascular Endothelial Growth Factor Genotype
FrequenciesandAssociationofPatientCharacteristics
withtheGenotype GenotypedistributionoftheallSNPsin
theVEGFgeneinpatientswithAMDandhealthycontrols
arelistedinTables4and5.ThepositionsofthethreeSNPs
analyzedinthisstudyareshowninFigure1.Wecouldnot
findasignificantdifferenceinrs1413711genotypesbetween
thepatientsandcontrols(=0.72),buttherewasa
significantdifferencebetweenwetanddryAMDwithregard
tors1413711genotypes(=0.005).Wealsofoundthatthe
presenceofanAallelewassignificantlyassociatedwiththe
disease(OR=2.25;95%CI1.15-4.43).
Forrs2146323,therewasnosignificantdifferencebetween
patientsandcontrols( =0.058).Wehavealsoobservedthat
thefrequencyofthegenotypesissignificantlyhigherin
patientswithdryAMDcomparedtopatientswithwetAMD
( =0.010).ThepresenceofatleastoneAallelewas
significantlyassociatedwiththedisease(OR=2.02;95%CI
0.99-4.16).InthecaseofdryAMD,thisassociationwas
moreprominent(OR=4.29;95%CI1.38-13.37)comparedto
wetAMD(OR=1.27;95%CI0.56-2.86).
TheAAgenotypeatrs3025033wasthemostprevalent
genotypeinbothpatientsandcontrols(97.6%and98.8%,
respectively). Therewasnodifferenceingenotype
distributionbetweendryandwetAMDgroups( =0.616).
Wefoundthatthepresenceofancestralallele(G)in
rs1413711wasprotectiveforallAMDpatients(OR0.47
95%CI0.24-0.91);however,theriskforAMDwas
increasedinpatientswithAAgenotype(OR2.0095%CI
1.04-3.84),andAAgenotypecomprisedahighlyincreased
riskfordryAMD(OR4.2895%CI1.61-11.35).The
associationbetweenthediseaseandthepresenceofatleast
oneAalleleatthers1413711wasparticularlyobservedin
thecaseofdryAMD,wheretheriskwasalmost7times
higherthanthecontrolgroup(OR6.47,95%CI2.10-19.93).
Asforrs2146323,theancestralCallelewashighlyprotective
(OR0.4595%CI0.28-0.71),whereashomozygouspresence
oftheAallelewasfoundtoposeahighlyincreasedriskfor
Table 4 Genotype and allele frequencies of VEGF gene polymorphisms in AMD patients in comparison to controls 
SNP  Genotype/allele  Patients n (%)  Controls n (%)  OR (95% CI) 
GG  21 (25.6)  34 (42.5)  0.47 (0.24-0.91)
a 
GA  2 (2.4)  1 (1.3)  1.98 (0.18-22.22) 
AA  59 (72.0)  45 (56.2)  2.00 (1.04-3.84)
 a 
GG vs (GA+AA)      2.25 (1.15-4.43)
 a 
G  44 (26.8)  69 (43.1)  0.48 (0.30-0.77)
 a 
rs1413711 
A  120 (73.2)  91 (56.9)  2.07 (1.30-3.30)
 a 
CC  16 (19.5)  29 (36.3)  0.43 (0.21-0.87)
 a 
CA  17 (20.7)  20 (25.0)  0.79 (0.38-1.64) 
AA  49 (59.8)  31 (38.7)  2.35 (1.25-4.41)
 a 
CC vs (CA+AA)      2.02 (0.99-4.16)
 a 
C  49 (29.9)  78 (48.8)  0.45 (0.28-0.71)
 a 
rs2146323 
A  115 (70.1)  82 (51.2)  2.23 (1.42-3.52)
 a 
AA  80 (97.6)  79 (98.8)   
AG  1 (1.2)  1 (1.2)   
GG  1 (1.2)  0 (0)   
A  161 (98.2)  159 (99.4)   
rs3025033 
G  3 (1.8)  1 (0.6)   
VEGF: Vascular Endothelial Growth Factor; OR: Odds Ratio; CI: Confidence Interval; 
a The significant P values. 
Table 5 The genotype and allele frequencies of VEGF SNPs according 
to the type of AMD 
Parameters  Patients   
n (%) 
Controls   
n (%)  OR (95% CI) 
rs1413711  
Wet AMD       
GG  17 (39.5)  34 (42.5)  0.89 (0.42-1.88) 
  GA  0 (0)  1 (1.3)  - 
  AA  26 (60.5)  45 (56.2)  1.19 (0.56-2.50) 
  GG vs (GA+AA)      1.13 (0.53-2.41) 
  G  34 (39.5)  69 (43.1)  0.86 (0.51-1.47) 
  A  52 (60.5)  91 (56.9)  1.16 (0.68-1.98) 
Dry AMD       
  GG  4 (10.3)  34 (42.5)  0.16 (0.05-0.48)
a 
  GA  2 (5.1)  1 (1.3)  4.27 (0.38-48.60) 
  AA  33 (84.6)  45 (56.2)  4.28 (1.61-11.35)
a 
  GG vs (GA+AA)      6.47 (2.10-19.93)
a 
  G  10 (12.8)  69 (43.1)  0.19 (0.09-0.40)
a 
  A  68 (87.2)  91 (56.9)  5.16 (2.48-10.74)
a 
rs2146323       
Wet AMD       
  CC  12 (27.9)  29 (36.3)  0.68 (0.30-1.53) 
  CA  12 (27.9)  20 (25.0)  1.16 (0.50-2.68) 
  AA  19 (44.2)  31 (38.7)  1.25 (0.59-2.65) 
  CC vs (CA+AA)      1.27 (0.56-2.86) 
  C  36 (41.9)  78 (48.8)  0.76 (0.45-1.28) 
  A  50 (58.1)  82 (51.2)  1.32 (0.78-2.24) 
Dry AMD       
  CC  4 (10.3)  29 (36.3)  0.20 (0.07-0.62)
a 
  CA  5 (12.8)  20 (25.0)  0.44 (0.15-1.28) 
  AA  30 (76.9)  31 (38.7)  5.27 (2.21-12.58)
a 
  CC vs (CA+AA)      4.29 (1.38-13.37)
a 
  C  13 (16.7)  78 (48.8)  0.21 (0.11-0.41)
a 
  A  65 (83.3)  82 (51.2)  4.76 (2.43-9.31)
a 
VEGF: Vascular Endothelial Growth Factor; OR: Odds Ratio; CI: 
Confidence Interval; 
aThe significant P values. 
 
775dryAMD(OR5.2795%CI2.21-12.28).Thepresenceofat
leastoneAallelewasassociatedwithdryAMD(OR4.29,
95%CI1.38-13.37).
IntheanalysisofclinicalvariablesandVEGFSNPs,there
wasnodifferencebetweenpatientsandcontrolswithregard
tosexandtypeofdrusen.However,thepresenceofAA
genotypeatrs1413711wassignificantlyrelatedtothestage
ofdisease(=0.001)(Table6),andthepresenceofoneA
allelewassignificantlyassociatedwiththesizeofdrusen
( =0.042).
DISCUSSION
Inthisstudy,weanalyzedthreeintronicSNPsalongthe
VEGFgeneandfoundthattheancestralallelesofboth
rs1413711andrs2146323wereprotectiveagainstAMD,
whereasthepresenceofthepolymorphicallelesincreasedthe
riskforthedisease,particularlyinthecaseofdrytype,ina
Turkishpopulation.Additionally,rs1413711was
significantlyassociatedwiththestageofAMD.
SinceintroductionasariskfactorforAMD,thegenetic
variationshavebeenwidelystudiedindifferentpopulations.
Studies fromdifferentpopulationshaverevealedthe
associationofVEGFpolymorphismandAMDtypes,and
alsotheimpactofVEGFpolymorphismstotheoutcomesof
anti-VEGFtreatment.However,thereisinconsistencyamong
thefindingsofthosestudies.
Associationbetweenrs1413711andAMDwaspreviously
studied,buttheresultsofthesestudiesareinconsistent.Ina
studyconductedinaCaucasianpopulationfromNorthern
Europe,Churchill
[12] genotyped45patientswithAMD
and94healthycontrolsandreportedthattheGGgenotypein
rs1413711SNPwassignificantlyassociatedwithAMD,
whereasthepresenceofAallelewaspotentiallyprotective.
InaTaiwanChinesecohortof190lateAMDpatientsand
180controls,Lin
[13] genotypedfiveSNPsanddidnot
foundanassociationbetweenrs1413711andAMD.In
anotherstudywith159neovascularAMDand140age-and
sex-matchedcontrolsfromChina,Qu
[14] foundno
associationbetweentheVEGFSNPs,includingrs1413711
andAMD.Almeida
[15] genotypedtheSNPin160
patientswithAMDand140healthycontrolsinaBrazilian
cohort,andtheyfoundanassociationbetweenthemutant
alleleandthedisease.Inarecentmeta-analysisstudy,Lu
[16] reportedthattherewasasignificantrelationbetween
rs1413711polymorphismandAMDriskamongEuropeans.
WefoundthatAistheriskalleleforrs1413711inourstudy
groupwhileGhadaprotectiveeffect.Gistheancestral
alleleforthisSNPinthedbSNPdatabase(http://www.ncbi.
nlm.nih.gov/snp).ThisSNPishighlyvariableinourstudy
groupwithanallelefrequencyofA,73.2%incasesand
56.9%incontrols.
Associationbetweenrs1413711andresponsetoanti-VEGF
treatmentinAMDisalsostudiedwidely.Intworecent
papersYuan
[17] andDosReisVeloso
[18] studied
thisassociation.Yuan
[17] foundTTandCTgenotypes
wereassociatedwithimprovedvisualacuityinanti-VEGF
treatment,whiletheothers
[18] foundnoassociationbetween
theVEGFgenotypesandthetreatmentoutcome.
Haines
[19] analyzedeightgenesincludingVEGFintwo
independentdatasetsconsistingofafamily-basedassociation
dataset(162families)andacasecontroldataset(399cases
and159controls)forgeneticlinkageandassociationwith
AMD.TheystudiedfiveSNPsintheVEGFgeneincluding
rs2146323andfoundnosignificantassociationofthisSNP
withAMD.Also,Churchill
[12] testedrs2146323intheir
studybutcouldnotfindanyassociationwithAMD.Fang
[20] testednine SNPsincludingrs1413711,and
rs2146323inacohortof515CaucasianwetAMDpatients
forassociationwithAMDandfoundthatnoneofthe
investigatedSNPswereassociatedwiththedisease.In
contrasttothesestudies,wefoundthatancestralCalleleof
Figure1TheapproximatepositionsofthethreeSNPsofVEGFgeneanalyzedinourstudy.Black,gray,andwhiteboxesindicate
theexons,untranslatedregions(UTRs)andtheintrons,respectively.
Table 6 Genotype distribution of VEGF SNPs by AMD stage 
Stages of AMD 
Genotype  Early 
n (%)  Intermediate 
n (%) 
Advanced 
n (%)  P 
rs1413711         
GG  1 (9.1)  2 (9.5)  18 (36.0) 
GA  2 (18.2)  0  0 
AA  8 (72.7)  19 (90.5)  32 (64.0) 
0.001 
Rs2146323         
CC  0  4 (19.0)  12 (24.0) 
CA  3 (27.3)  1 (4.8)  13 (26.0) 
AA  8 (72.7)  16 (76.2)  25 (50.0) 
0.085 
rs3025033         
AA  11 
(100.0)  21 (100.0)  48 (96.0) 
AG  0  0  1 (2.0) 
GG  0  0  1 (2.0) 
0.859 
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rs2146323washighlyprotectiveagainstdryAMD,andalso
homozygosityoftheAallelewasassociatedwiththedisease.
Immonen
[7] analyzedtheassociationofrs2146323and
rs3025033withtheriskofAMD,CNVsizeand
configuration,andtheanatomicresponsetophotodynamic
therapyin162patientswithexudativeAMDand85
age-matchedcontrols.Theyfoundnoassociationbetweenthe
SNPsandthepresenceofthedisease,lesionsizeand
configuration.Thegenotypefrequenciesofthers2146323
weresignificantlydifferentbetweenthephotodynamic
therapy(PDT)respondersandnon-responders,butrs3025033
genotypedistributionwasevenbetweenthetwogroups.Our
findingsforrs3025033wasnotsuitableforastatistical
analysisbecausehomozygosityoftheancestralAallelewas
almostalwayspresentincasesandcontrolsexceptfor2
individuals (1wetAMDand1control)withAGand1
individual(wetAMD)withGGgenotype.
Inconclusion,wefoundthatthepolymorphismsofVEGFare
associatedwiththedryAMDinourpopulation.Sincethe
genetic variationswereshowntobeassociatedwith
treatmentresponseinAMDpatientsreceivinganti-VEGF
treatment,furtherdatafromfuturestudieswoulddetermine
whetherVEGFpolymorphismsmightplayaroleintreatment
decisionsinaperspectiveofpersonalizedmedicine.
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